The gross anatomy of the liver, extrapetatic biliary tree, sphincter of Oddi, and pancreas in the black-tailed prairie dog (Cynomys ludovicianus), a widely used animal model for investigations into biliary physiology, pathophysiology, and pathology, was studied in 10 animals. The liver consists of 4 lobes, the left lateral, median, right lateral, and caudate. The gallbladder ties on the ventral surface of the right lobule of the median lobe. The cystic and hepatic ducts unite to form the common bile duct which enters the duodenum approximately 5 mm distal to the pylorus. The lower end of the common duct dilates forming an ampulla which is surrounded proximally by a band of circular muscle fibres which constitute the choledochal sphincter. The pancreatic duct opens separately into the duodenum approximately 80 mm from the pylorus. Earlier physiologic studies have demonstrated that the choledochael sphincter has intrinsic motility distinct from the duodenum.
pigment (Pitt et al., 1983) gallstones and for investigations into the physiology (Doty et al., 1981) and pathophysiology (Pitt et al., 1982) of the sphincter of Oddi. Several studies have defined the anatomy of the extrahepatic biliary tree and choledochal sphincter in various species including the guineapig (Higgins, 1927) , rabbit (Mann et al., 1920) , opossum (Boyden, 1937) , dog (Boyden, 1937) , cat (Boyden, 1957a) , and man (Boyden, 1957b) .
Whereas, the gross visceral anatomy of the white-tailed prairie dog, Cynomys leucurus has already been described (Deardon, 1953) , a detailed analysis of the hepatopancreatobiliary anatomy of the black-tailed prairie dog has not been undertaken. In view of the increasing interest in this species as a model for investigating hepatobiliary physiology and pathology, we undertook to describe the biliary and pancreatic anatomy of Cynomys ludovicianus with particular reference to the sphincter of Oddi.
Materials and methods
Ten adult male black-tailed prame dogs, Cynomys ludovicianus, were used in this analysis. Four prairie dogs, bred in captivity, were obtained from R-Zoo, Neshkoro, Wisconsin, while 6 animals that had been trapped in the wild were obtained from Otto Marten Locke, New Braunfels, Texas. The mean weight (± 1 SD) of the animals was 1050± 190g. Euthanasia was achieved in all animals by overdosage of ketamine hydrochloride.
Following a midline thoraco-abdominal incision, the stomach, duodenum, liver, biliary tract, pancreas, and spleen were removed in their entirety for dissection. Bile was aspirated from the gallbladder, and a PE-50 catheter was inserted into the proximal common bile duct. The extrahepatic biliary tree was then outlined by injecting tryptophan blue. Similarly, the pancreatic duct was cannulated, and the pancreatic ductal system was outlined with the same dye.
At the end of the dissection the distal common bile duct, sphincter of Oddi and surrounding duodenum were removed and fixed in 100/0 formalin solution for later dissection and histological analysis. Serial histological sections were made of the sphincter of Oddi region in both transverse and longitudinal axes and were stained with haematoxylin and eosin.
Results
The gross anatomy of the prairie dog liver is illustrated in Fig. 1 . The liver is composed of four lobes; left lateral, right lateral, median and caudate lobes. The left lateral lobe is the largest and is not fused with the other lobes. The median lobe is composed of two smaller lobes or lobules, a larger right and a smaller left lobule. The gallbladder lies in a fossa on the ventral surface of the right lobule of the median lobe. The right lateral lobe is also partially divided into a dorsal and a ventral lobule. Each of these lobules has a concavity which is occupied by the superior pole of the right kidney. The fourth and smallest of the lobes is the caudate lobe, which is composed of an anterior and posterior semicircular lobule. The anterior lobule partially curves around the oesaphagus.
The gallbladder is thin-walled and varies in size but in the fasted state contains I .6 ± O' 4 ml of bile. The cystic duct passes medially from the neck of the gallbladder to unite with the hepatic ducts, thus forming the common bile duct (Fig. I) . The cystic duct measures 20' 0 ± 5 . 5 mm in length and is adherent to the ventral surface of the liver. Biliary ducts draining the right lateral and caudate lobes enter the common bile duct directly.
The common bile duct passes caudally for approximately 20 mm in the free edge of the lesser omentum, lying anterior to the portal vein. The diameter of the common bile duct is approximately 1·4±0·4mm.
At its lower end the common bile duct has an S-shaped configuration. Initially the duct passes to the left, behind and adjacent to the first part of the duodenum for approximately 10 mm. The distal part of the duct then passes obliquely through the superoposterior aspect of the duodenal wall to enter the intestinal lumen approximately 5 mm distal to the pylorus.
A small papilla marks the site of entry of the common bile duct into the duodenum. The lower end of the common bile duct dilates to form a well-defined ampulla, which extends obliquely from the serosal surface of the duodenum to the tip of the papilla. The sphincter choledochus (sphincter of Oddi) and ampulla measure 8-10 mm in length and 2-3 mm in diameter (Fig. 2) .
The intraduodenal portion of the ampulla is surrounded by a thickened band of circular muscle fibres, which constitute the sphincter of Oddi in this species (Fig. 3) . These fibres are intimately blended with the circular muscle coat of the duodenum which is also thickened at this level.
The pancreas is approximately 170 mm in length. It extends to the right from the hilum of the spleen to the pylorus and then along the duodenum within the duodenal loop to a point at the beginning of the transverse limb of the duodenum.
A single pancreatic duct was identified entering the descending limb of the duodenum 80± 8 mm distal to the pylorus. Thus, the orifices of the pancreatic and common bile ducts are quite separate in this species (Fig. 4) .
Discussion
Prairie dogs of the genus Cynomys are highly specialized terrestrial squirrels that can be grouped into two subgenera. The black-tailed prairie dog species, C. ludovicianus and C. mexican us, are ranked within the subgenus Cynomys, while a second subgenus, Leucocrossuromys, contains the species C. gunnisoni, C. leucurus, and C. parvidens (Nadler et al., 1971) .
Species differences in chromosomal patterns and serum proteins have been identified in prairie dogs (Nadler et al., 1971) , and the present analysis demonstrates that anatomical differences also exist between these species. Deardon (1953) , who described the anatomy of the white-tailed prairie dog, C. leucurus, observed multiple pancreatic ducts entering the duodenum at irregular intervals. He reported that some of the pancreatic ducts entered the duodenum in conjunction with the common bile duct at a point 24 mm distal to the pylorus. However, the present analysis demonstrates that the blacktailed prairie dog, C. ludovicianus, has a single pancreatic duct which enters the duodenum separately from the common bile duct. Moreover, the opening of the common bile duct into the duodenum is also more proximal in C.
ludovicia, entering the lumen of the bowel approximately 5 mm distal to the pylorus. Considerable species variation exists in the relationship between the terminal part of the common bile duct and the pancreatic duct (Mann et al., 1920) . Three major variations have been identified.
In the first, the pancreatic and common bile duct join to provide a common channel that carries pancreatic juice and bile into the duodenum (deer, goat, sheep and rat). In the second, the common bile duct and pancreatic duct are distinct but share a common entrance into the duodenum (man, dog, cat, and horse). The final arrangement is where the biliary and pancreatic ducts open separately into the duodenum (ox, pig, rabbit, and guineapig), and this occurs in the black-tailed prairie dog.
This study also demonstrates that the lower end of the common bile duct in the prairie dog is surrounded by a thickened band of circular muscle, which constitutes the sphincter of Oddi. Clearly, some of these muscle fibres are derived from the circular muscle coat of the duodenum, but the degree to which the choledochal sphincter is distinct from the duodenal muscle was difficult to determine. However, studies have demonstrated that motility of the sphincter of Oddi is independent of duodenal motility in C. ludovicianus (Muller et al., 1987) .
The lower end of the common bile duct in the opossum (Dubois & Hunt, 1932) and the rabbit (Sarles et al., 1976) dilates to form a well-defined ampulla which is surrounded by intrinsic muscle fibres. The present analysis demonstrates that a similar arrangement exists in the prairie dog. In all of these species manometric studies have demonstrated that the sphincter of Oddi exhibits phasic contractions which are associated with the delivery of bile into the duodenum (Sarles et al., 1976; Doty et al., 1981; Toouli et al., 1983) . The action of cholecystokinin on the sphincter of Oddi in these species is to increase the flow of bile into the duodenum by a pumping action of the sphincter (Sarles et al., 1976; Doty et al., 1981; Becker et al., 1982) . Thus, the ampulla fills with bile which is subsequently pumped into the duodenum by contraction of the surrounding sphincter muscle. The anatomical arrangement of the sphincter of Oddi in these species is consistent with this physiological mode of action.
A method frequently used for studying choledochal sphincter function employs a technique of perfusing the sphincter at a constant rate and measuring pressure changes within the sphincter. For this method to be accurate, the amount of fluid entering the sphincter must be constant. In species where the pancreatic duct joins the common bile duct in the sphincter region, variable amounts of fluid may enter or leave the system via the pancreatic duct, thus influencing the recorded pressures from the sphincter. Therefore, when investigating the physiology of the choledochal sphincter, the results obtained should be more accurate in those species, such as the prairie dog, where the pancreatic and common bile duct have separate openings.
